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Abstract 
Increasing attention is being given to integrating adaptation and mitigation in climate change 
policies. Policy network analysis is a way to explore connections between adaptation and mitigation, 
and the opportunities or barriers to effective integration between these two policy subdomains. This 
study explores climate governance and policy networks by examining collaboration and information 
flows in national policy processes in Peru, a country with an active climate change policy domain. In 
contrast to most climate policy network analyses, this study distinguishes adaptation and mitigation 
subdomains through a multiplex approach. We used ERGM (Exponential Random Graph Models) to 
explain the existence of information flows and collaborations among 76 key actors in climate change 
policy in Peru. We identified actors who could connect adaptation and mitigation subdomains. 
Results show a concentration of influence in national government actors, particularly in the 
mitigation subdomain, and the isolation of actor groups that matter for policy implementation, such 
as the private sector or subnational actors. Results highlight the predominance of mitigation over 
adaptation and the existence of actors well positioned to broker relationships between the 
subdomains. The top brokers across subdomains were, however, not only actors with high centrality 
and brokerage roles in the subdomains, but also several "unusual key players" that were not brokers 
in any of the two layers separately. 
Key policy insights 
• National government institutions are central actors in climate change policy networks in Peru, 
reflecting national ownership of the climate change issue. 
• Private sector organizations and subnational actors in Peru are the least involved in information 
sharing and collaboration on climate change. 
• Actors from different levels and sectors are active in both adaptation and mitigation, which is good for 
climate policy integration. 
• Actors with the capacity to bridge the two policy subdomains are not necessarily central to each 
subdomain but may be actors that close structural holes between subdomains. 
Keywords: broker, ERGM, multiplex, network analysis, policy coherence, synergy 
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Introduction 
The two main strategies for fighting climate change – adaptation and mitigation – are strongly 
interlinked. This is particularly true in land-use sectors, because forests and agricultural systems are 
vulnerable to climate change, help people adapt, and are important sinks and sources of greenhouse 
gases (Locatelli et al., 2015b). Increasing attention is being given to integrating adaptation and 
mitigation (A&M), following evidence that policies and projects with both A&M objectives can 
increase synergies and reduce unintended consequences (Kongsager et al., 2016; Locatelli et al., 
2015a). The synergetic effects of some land management interventions on A&M can increase their 
cost-effectiveness and attractiveness, but synergies are not automatic (Smith et al., 2019).  
The Climate Policy Integration (CPI) literature highlights the importance of mainstreaming climate 
change in other policy domains, to avoid clashes between policy objectives, inefficiencies, or 
unintended consequences and simply to ensure the effectiveness of climate policy (Adelle and 
Russel, 2013; den Hertog and Stross, 2013; Persson, 2013; Russel et al., 2018; Scobie, 2016). CPI 
encompasses policy integration and policy coherence. While these terms have been variously 
understood (Adelle and Russel, 2013), we follow Nilsson et al. (2012) in considering that policy 
integration refers to integration of administrative and organizational governance arrangements and 
policy making processes, while policy coherence refers to policy outputs and outcomes, or the 
consistency of multiple policy objectives and associated implementation. However, the CPI literature 
mostly discusses external policy coherence, or the consistency of climate change and non-climate 
policy objectives, which is also often referred to as mainstreaming climate change (Adelle and Russel, 
2013; Nilsson et al., 2012). 
In this paper, we investigate climate policy integration that facilitates internal climate policy 
coherence, or the integration of climate change A&M policy processes, independently from the 
sectoral domain (Di Gregorio et al., 2017). Internal policy coherence is necessary to identify mutually 
beneficial practices (synergies and co-benefits) and reduce negative interactions (trade-offs) 
between A&M responses. These synergies can be facilitated by the integration of both A&M 
objectives in intervention design and by a better coordination between policy actors interested in 
either adaptation or mitigation. Integrating A&M policy processes can lead to internal climate policy 
coherence in climate policy domains, with analyses of the positive and negative effects of adaptation 
on mitigation (and vice-versa) and the development of programmes with joint objectives 
where it makes sense (Locatelli et al., 2011; Pham et al., 2014; Swart and Raes, 2007). The A&M 
integration can also lead to external policy coherence with the mainstreaming of integrated A&M 
objectives into sectoral policies (Di Gregorio et al., 2017). 
An important challenge in climate change governance in general, and in integrating A&M in 
particular, is the institutional complexity that emerges when various actors are involved (Adelle and 
Russel, 2013; Schmidt and Fleig, 2018; Shrestha and Dhakal, 2019). Even within the separate policy 
subdomains of A&M, institutional barriers and lack of coordination are major obstacles for successful 
implementation of programs and strategies (Brockhaus and Di Gregorio, 2014; Calliari et al., 2019; 
Oberlack, 2017; Stringer et al., 2012). Another important barrier to the integration of A&M relates to 
the lack of information on how the two policy subdomains are linked (Locatelli et al., 2015b; Shrestha 
and Dhakal, 2019) and how to improve information exchange and collaboration between them (Di 
Gregorio et al., 2017; Shrestha and Dhakal, 2019). 
Policy network analysis can help explore the opportunities and barriers to effective integration 
between A&M subdomains (Di Gregorio et al., 2019; Gallemore et al., 2015). Policy networks have 
become an important topic in environmental governance (Bulkeley, 2005; Carlsson and Sandström, 
2008; Cashore and Vertinsky, 2000; Weible and Sabatier, 2005) and have also been explored in 
climate change policies (Di Gregorio et al., 2019; Ingold, 2011; Yun et al., 2014). For example, policy 
network analyses have been used to investigate policy processes related to Reducing Emissions from 
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Deforestation and forest Degradation (REDD+) (Brockhaus et al., 2014) and adaptation governance 
(Calliari et al., 2019; Ingold, 2017; McAllister et al., 2014; Vignola et al., 2013). Few policy network 
studies have looked at the links between the two climate change policy subdomains of A&M (but see 
Di Gregorio et al., 2019).  
Improved integration of policy processes through networked relationships between policy actors is 
not the only way to bring about policy integration. Many policy scholars have shown that there are 
many other dimensions to integration and networked governance. For instance, Tosun and Lang 
(2017) distinguished two approaches to policy integration: a substantive approach that builds 
interdependencies and coordination between policy domains (where networked relationships 
between policy actors play a role) and a procedural approach that develops specific policy 
instruments for integration. Russel et al. (2018) analysed how policy appraisal (defined as ex-ante 
evaluation of policy consequences) can help policy integration. 
This study explores climate governance and policy networks by examining collaboration and 
information flows in national policy processes in Peru, a country with an active climate change policy 
domain. The study differs from most climate policy network analyses by distinguishing A&M 
subdomains in order to assess the level of internal climate policy integration in the land-use sector. 
By examining the climate change policy network of Peru through a multiplex network approach, the 
study discerns actor properties across subdomains that cannot be identified by looking at A&M 
separately. The study aims to answer the following research questions: What is the structure of the 
Peruvian climate change policy network and what opportunities and challenges does it present for 
climate policy integration? How do networks differ in the A&M subdomains and what is the role of 
brokers in supporting the integration of the two subdomains? Answers to these questions will offer 
new insights and guidance for efforts to enable synergies across A&M. 
Theoretical background and propositions 
Policy networks are comprised of formal and informal linkages between policy actors engaged in 
public policy making and implementation (Knoke and Yang, 2008; Marsh and Rhodes, 1992). They are 
problem-specific and organize a given policy area by different forms of collective action and resource 
exchange (Carlsson, 2000; Carlsson and Sandström, 2008). Policy networks reflect existing power 
relations, alliances, conflicts and constraints of their broader political context (Marsh and Smith, 
2000).  
Policy network analysis investigates interactions among policy actors in a policy domain. It can 
identify the organizations and policy coalitions that play a key role in formulating and implementing 
climate policies and those that are instead peripheral or isolated. Furthermore, network structure 
can explain the outcomes of a whole domain or individual organizations in the network (Borgatti et 
al., 2009; Burt, 2004; Gargiulo and Benassi, 2000). This information is valuable for designing 
strategies to enhance institutional linkages (Calliari et al., 2019).  
The following paragraphs describe the propositions that guided our analysis in Peru, based on 
previous research on policy network analysis, on climate change or more broadly. The first ones refer 
to the central actors. Climate change policy networks bring together societal actors beyond formal 
state hierarchies, and even beyond national borders, such as NGOs, businesses and international 
organizations, who all try to influence policy processes and outcomes (Bodin and Prell, 2011; 
Broadbent and Vaughter, 2014). Political disputes and competing interests often override solution-
oriented, rational, science-based processes in the formulation of policies. This is even more 
pronounced in the complex environmental policy arenas characterized by multi-level, multi-sector 
and multi-actor networks (Brockhaus et al., 2014).  
Due to their organizational type, governmental actors are, by definition, influential, as they hold 
formal decision-making power (Leifeld and Schneider, 2012) and are central to multiple climate 
policy networks (Brockhaus and Di Gregorio, 2014; Calliari et al., 2019; Di Gregorio et al., 2019). 
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Ministries, and especially the ones related to environment and finance, are the key institutions 
influencing climate policies, including the distribution of finance between A&M (Pickering et al., 
2015). For this reason, the following proposition is formulated: (P1) National government actors are 
the most central policy actors in the Peruvian climate policy network. 
International actors are also highly influential in national climate change policy processes and 
networks in the Global South, where climate change action relies largely on multilateral and bilateral 
funding (Brockhaus and Di Gregorio, 2014; Pickering et al., 2015). Furthermore, international 
organizations (including intergovernmental organizations (IGOs), development agencies of foreign 
governments and international NGOs) deliver specialized climate change expertise (Hall, 2017). For 
these reasons, we expect that: (P2) International organizations are central policy actors in the 
climate policy network of Peru. 
Climate change mitigation has attracted more international attention than adaptation, particularly in 
the early international climate change agreements, such as the Kyoto Protocol (Pielke Jr et al., 2007). 
Adaptation implementation has also been slow to rise and has faced ambiguities on what constitutes 
adaptation (Hall, 2017). Even though the situation has changed, mitigation is still attracting the 
majority of global climate finance (Locatelli et al., 2016). We suggest that this historical dominance of 
mitigation over adaptation at the international level is still visible in national policy domains, 
particularly in countries with an important mitigation potential, for example large areas of tropical 
forests at risk of deforestation, such as in Peru: (P3) There is more information sharing and 
collaboration on mitigation than adaptation in the climate policy network in Peru. 
Adaptation has a more local nature than mitigation, which has global benefits (Locatelli, 2011). 
Consequently, policy actors that are active at subnational level, such as local government actors and 
development NGOs, are expected to be more engaged in the adaptation subdomain (Di Gregorio et 
al., 2019). The predominance of mitigation in international funding may push international actors to 
be more active in the mitigation policy discussions within a country. For these reasons, we devise the 
following proposition: (P4) International organizations are more engaged in mitigation, while 
subnational government actors and NGOs are more engaged in adaptation within the climate 
policy network in Peru. 
In terms of sectoral focus, forests and agriculture have been at the center of climate change policies. 
Forests have been high on the international climate mitigation agenda since negotiations started on 
policy instruments such as REDD+ and the Clean Development Mechanism, while the agriculture 
sector has been more concerned with adaptation due to its perceived high vulnerability to climate 
variations (UNFCCC, 2017). We thus expect that: (P5) Actors mostly focusing on forest activities are 
more engaged in mitigation, while actors mostly focusing on agriculture are more engaged in 
adaptation within the climate policy network in Peru. 
Perceived influence, also known as reputational power, drives power relations and reinforces 
concentration of power (Knoke et al., 1996; Kriesi and Jegen, 2001). For example, actors are more 
likely to exchange information with actors they perceive to be particularly influential (Leifeld and 
Schneider, 2012). Perceived influence has been found to be important for collaboration and alliance 
building, as influential actors are preferred as partners (Berardo and Scholz, 2010; Weible and 
Sabatier, 2005). However, given the differences between A&M, we devise the following proposition: 
(P6) High reputational power in one policy subdomain of the climate policy network in Peru (either 
adaptation or mitigation) is accompanied by high information sharing and collaboration in the 
same subdomain, but not in the other. 
Policy network analyses have often shown that people and organizations tend to connect to others 
who are similar (McPherson et al., 2001). Homophily posits that actors connect based on similarities 
in order to reduce collaboration risks, as dissimilarities can lead to conflicting interests and increased 
transaction costs (Lee et al., 2012; Lubell, 2007). This suggests the following proposition: (P7) Policy 
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actors of the same type are more likely to share information and collaborate with each other 
within the climate policy network in Peru. 
Finally, given the historical separation between the two climate subdomains in policy development, a 
better integration of the two may be facilitated by cross-domain brokers. Policy network analysis can 
help identify brokers, i.e. key actors that mediate linkages among different actors within or between 
policy subdomains (Wasserman and Faust, 1994). Theoretical works have formalized the analysis of 
brokers across layers in multilayered or multiplex networks (Kumar et al., 2019; Solé-Ribalta et al., 
2014) and shown that neglecting the multilayer structure of a network leads to misidentifying 
brokers (De Domenico et al., 2015; Ghariblou et al., 2017). For our analysis, this means that: (P8) 
Actors who are important brokers across domains are not necessarily important brokers in either 
subdomain of the climate policy network in Peru. 
Methods 
Case study 
Forests, agriculture and other land-use sectors are high in the A&M policy agendas in Peru. Since 
land-use changes are responsible for almost half of Peruvian emissions, REDD+ represents mitigation 
opportunities (Menton et al., 2014). Peru is also highly vulnerable to the impacts of climate change. 
Adaptation policies have been developed, including through ecosystem-based adaptation, an 
important adaptation strategy for restoring, conserving and enhancing ecosystem services to reduce 
people’s vulnerability (Chazarin et al., 2014; Oliver-Smith, 2014). Several Peruvian policies aim to 
address climate change by integrating A&M goals, such as the Action Plan for Climate Change 
Adaptation and Mitigation, the National Environment Policy and the National Forestry and Wildlife 
Policy. Climate change objectives are found in almost all policies from the relevant sectors (land use, 
forestry, agriculture, disaster risk reduction and sustainable development) (Pramova et al., 2015).  
Civil society is active in the climate change policy domain in Peru, and there is a strong presence of 
international organizations and donors (Piu and Menton, 2014). The Ministry of Environment has 
direct jurisdiction over all activities related to climate change, which it oversees through General 
Directions, the National Service of Natural Protected Areas and the National Forest Conservation 
Programme for the Mitigation of Climate Change. However, many other sectors and institutions, 
such as the Ministry of Agriculture, the different regional governments, national and international 
NGOs and IGOs are also involved in the climate change arena (Menton et al., 2014). 
Research design and data collection 
The terminology used in this study includes policy actors or ‘actors’ (organizations that are part of 
the climate policy domain), ‘relation’ or ´tie´ (information sharing and collaboration), and ‘policy 
subdomain’ (set of actors and their relation to either adaptation or mitigation). A ‘layer’ refers to a 
set of relations within a policy subdomain, of a specific type (e.g. the layer of collaboration on 
adaptation) or any type (e.g. the layer of adaptation). 
We began by defining the policy network boundaries and mapping all relevant actors, i.e. 
organizations that had been involved with or influenced national-level climate change policies and 
land management (Laumann and Knoke, 1987). For this purpose, we convened a workshop in late 
2014 with key stakeholders from different organizations (government, civil society, academia and 
international, intergovernmental and private sector organizations). Workshop participants identified 
320 policy actors, scored their relevance (i.e. their involvement and influence in the policy cycle) and 
finally selected 100 actors to be interviewed. In mid 2015, we interviewed representatives of 76 of 
these organizations. We classified the 76 actors into three different levels of governance (where they 
originated: international, national and subnational), and six organizational types. These were 
combined in ten non-empty level-type combinations, called groups (Table 1).  
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Table 1: The six types, three levels, and ten groups (i.e., level-type combinations) of policy actors 
interviewed 
  Levels 
  INT: 
International 
NAT: 
National 
SUB: 
Subnational 
Total 
Types FOR: Foreign agencies and representatives of foreign 
governments, such as governmental agencies for 
international cooperation 
6 
(I-FOR) 
- - 6 
GOV: Governments, state agencies and expressly 
political organizations (bureaus, departments, 
specialized and technical agencies) 
- 15 
(N-GOV) 
11 
(S-GOV) 
26 
IGO: Intergovernmental organizations (e.g. World 
Bank, FAO, UN-REDD…)  
7 
(I-IGO) 
- - 7 
NGO: Non-governmental organizations, charities, 
foundations, other non-for-profit, grass-root 
organizations, networks of NGOs  
5 
(I-NGO) 
9 
(N-NGO) 
5 
(S-NGO) 
19 
PRI: Private sector (business associations, trade 
associations, insurance, banks, investors, single 
businesses and consultants) 
- 7 
(N-PRI) 
- 7 
RES: Research institutes, think tanks, academic 
institutions 
5 
(I-RES) 
6 
(N-RES) 
- 11 
Total 23 37 16 76 
 
The survey included questions about four different types of relations. We asked the interviewees to 
mark with which of the other actors they had regularly exchanged information on adaptation (iA 
layer) or mitigation (iM), and collaborated on adaptation (cA) or mitigation (cM) over the last 12 
months, a period that included the 20th Conference of the Parties (COP20) to the United Nations 
Framework Convention on Climate Change (UNFCCC) in Lima (December 2014). Information sharing 
was defined as regular exchanges of any kind of information related to the policy subdomains and 
included sending regular emails, discussing face to face, or disseminating material. Information 
sharing can underlie activities like lobbying but exchanges of information might also occur between 
rival policy actors  (Granovetter, 1977; Leifeld and Schneider, 2012). Collaboration was defined as 
working together towards a common goal. We also asked actors to mark the organizations that they 
considered particularly influential in each policy subdomain, which identified “influence attribution” 
ties between actors (Fischer and Sciarini, 2015) and measured the reputational power of actors 
(Knoke, 1993; Leifeld and Schneider, 2012). 
Data analysis 
The primary data was composed of four 76 by 76 binary adjacency matrices representing directed 
ties, in addition to actor attributes (sector, level, type and group). The adjacency matrices were used 
to create four unweighted and directed network layers representing different relations (information 
and collaboration) in the two climate change policy subdomains (see layers in supplemental online 
material SOM1).  
Our analysis included two major steps (Fig. 1). The first step considered the four layers separately (iA, 
iM, cA and cM). To explore propositions 1 to 3, we calculated descriptors of layers and actors (e.g. 
their indegree centrality defined as the number of incoming ties). To compare actor centrality by 
groups, we calculated the average of the actors with the three largest indegree centrality in the 
group because the influence of a group is largely dictated by its most influential actors (Brockhaus 
and Di Gregorio, 2014). We then modelled the presence of ties based on several predictors using 
exponential random graph models (ERGMs) (see next section). The second step adopted a multiplex 
perspective (described in more detail later), in which we analysed the ties within each subdomain 
(intra-layer) and across them (inter-layer) (Fig. 1, right).  
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Figure 1. Overview of the data and the two major steps of the analysis 
 
ERGMs to explain ties in relations layers 
To explore propositions 4 to 7, we analysed how actor groups (P4), sectors (P5), reputational power 
(P6) or type similarity (P7) influenced the existence of a tie between two actors. We distinguished 
between information sharing and collaboration, because they refer to different types of relations, 
not just different intensities. Information sharing includes any communication between actors 
sharing similar values or between political opponents (Granovetter, 1977; Leifeld and Schneider, 
2012), while the collaboration ties are specific to coalition work and much more dependent on trust 
(Carpenter et al., 2004; Ingold, 2011). Previous research showed that these two types of ties lead to 
different network configurations and different central actors (Gebara et al., 2014; Lee, 2019). As our 
results show, a separate analysis of information sharing and collaboration networks can highlight 
different network structures and key actors (e.g., opinion leaders or action catalysts). 
We used ERGMs, which are models to explain the existence of ties in the networks. The existence of 
ties could have been explained by simple statistical models, for example log-linear models that 
explain the existence of a tie between two actors with the characteristics of the actors. However, 
such models assume that observations are independent, which is not the case of the ties within a 
network. For example, the existence of a tie from actor A to actor B will influence the existence of a 
tie from B to A because of reciprocity, which is a common feature of social relationships. Similarly, 
because of transitivity, another common feature of social relationships, the existence of a tie from A 
to B will depend on whether A and B have a tie to a third actor (Lusher and Robins 2012). 
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Because the existence of a tie depends on the rest of the network, we used ERGMs, which were 
developed specifically for network analysis to account for the effects of network structure on tie 
formation (Cranmer and Desmarais, 2011).  
Ties in an ERGM can be explained by several types of effects, including structural, actor level, dyadic 
level and relational (Robins and Lusher, 2013) (Fig. 1, left). First, structural effects (also known as 
endogenous effects) capture how ties organize themselves into patterns under the influence of 
network structure (i.e. how the existence of certain ties affects the existence of others). Examples of 
such effects include reciprocity (a tie from an actor to another is more likely to exist if the reciprocal 
tie exists) and transitivity (two actors are more likely to create a tie if they are both tied to a third 
actor) (Koskinen and Daraganova, 2013; Leifeld and Schneider, 2012). If structural effects are not 
considered, we may estimate the importance of other effects in tie formation incorrectly (Lusher and 
Robins, 2013) (see example in SOM4). Second, actor-level effects describe how tie probability 
depends on the characteristics of the actors on either or both sides of a tie. Third, dyadic-level effects 
test the effect of the attributes of a pair of actors on the tie between them, for example to assess 
homophily. Fourth, the relational predictors (also known as covariate networks) capture how a 
relation affects another relation. In our case, we used a relational predictor to assess the role of 
reputational power in explaining ties: while reputational power is often considered as a characteristic 
of policy actors, it can also be understood as a relation (i.e. an actor considers another actors as 
powerful or influential) (Fischer and Sciarini, 2015; Heaney, 2014; Leifeld and Schneider, 2012). 
We developed four ERGMs with the same effects to explain ties in the four layers of information 
sharing and collaboration (Table 2). We fitted the ERGMs with a Markov Chain Monte Carlo 
simulation and applied diagnostic tools and goodness-of-fit analysis to check whether the models 
were good representations of the observed network (Butts et al., 2015) (details in SOM5). All 
calculations were made in R (R Core Team, 2018) with the ergm and sna packages (Handcock et al., 
2016). 
 
Table 2. Effects considered in the ERGMs (exponential random graph models) 
Type of effect Effect Interpretation R code 
Baseline Edge Baseline effect on tie formation 
(creating network layers with the right 
number of edges) 
edges 
Structural Reciprocity Reciprocated ties are likely (if the effect 
estimate is positive) 
mutual 
Transitivity Actors with shared partners are more 
likely to be tied (if the effect estimate is 
positive) 
gwesp(0.5, fixed=T) 
Actor level 
(receiver side of 
the tie) 
Group Actors from a given level and type are 
more or less likely to receive incoming 
ties 
nodefactor(“Group”) 
Sector Actors with a high involvement in a 
given sector are more or less likely to 
receive incoming ties 
nodecov(“Degree of 
involvement in one sector”) 
Dyadic level Homophily A pair of actors of the same type are 
more or less likely to be tied 
nodematch(“Level” or 
“Type”, diff=T) 
Relational Reputation An actor is more or less likely to have 
ties with actors that it considers 
influential 
edgecov(Reputation) 
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Multiplex perspective: Brokerage between A&M subdomains 
To identify the brokers within and across the two policy subdomains and explore proposition 8, we 
adopted a multiplex network perspective, which considers that actors are connected through more 
than one type of relation. In a multiplex social network, people are connected by different ties (e.g., 
kinship or friendship), which are represented in different layers forming a multiplex network (Kivelä 
et al., 2014). The analysis of multiplex networks can highlight processes and structures that cannot 
be explored with separate single networks (Heaney, 2014). 
As we were interested in understanding the connections between A&M subdomains, we built a 
multiplex network with two A&M layers (Fig. 1, right). Each layer was built from the information 
sharing and collaboration layers, transformed into undirected and weighted layers (with weight of 2 
for ties reported by both actors in a dyad and 1 for ties reported by only one actor) and summed 
(resulting in subdomain layers with edge weights of 1 to 4). We summed information sharing and 
collaboration layers because, in this step, we were interested in how policy actors interacted in A&M, 
regardless of the type of ties. However, to recognize that reciprocal information and collaboration 
ties lead to stronger ties in the A&M layers, we used weighted layers to describe A&M ties.  
The subdomain layers formed a multiplex or multilayer network (Dickison et al., 2016), in which the 
same actors exist in the two layers and interact differently about A&M. Multiplex networks allow the 
identification of actor and network properties that cannot be explained by looking at individual 
network layers alone (Heaney, 2014). Within the multiplex network, we investigated self-coupling 
ties (vertical red lines in Fig. 1, right), which link an actor in a subdomain with the same actor in the 
other (Zeng and Battiston, 2016).  
We identified intra-layer as well as inter-layer brokers. Intra-layer brokerage was measured with 
actor betweenness and inter-layer brokerage with the betweenness of the self-coupling tie of an 
actor (Battiston et al., 2018; Wasserman and Faust, 1994). Tie weights were used to calculate 
weighted betweenness (inverse weights were interpreted as distances in the network). We then 
analysed how brokerage across layers related to brokerage within layers. We also identified the top 
20% of brokers in the multiplex network within or across layers. All calculations were made in R (R 
Core Team, 2018) with the igraph package (Csardi, 2018). 
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Results  
The climate change policy network 
In the two information layers of the climate change policy network in Peru, information could 
potentially flow across the whole network of actors, as there was only one component, while the 
collaboration layer on mitigation showed two components, and thus non-connected groups of actors 
(Table 3). Layers showed slightly higher densities for mitigation than adaptation, especially for 
information exchange. This indicates that the mitigation subdomain was slightly more active than the 
adaptation subdomain. Densities were generally higher in information sharing than in collaboration, 
but this was expected, as collaboration is a more resource-intensive relation. We found layers to be 
highly reciprocal with reciprocity values of 0.27–0.33 (expected values with the same numbers of ties 
randomly distributed are 0.05–0.10). 
 
Table 3. Basic descriptors of the relation layers of information and collaboration ties on adaptation 
(A) and mitigation (M) 
 Information Collaboration 
 A M A M 
Number of weak components (i.e. groups of actors in which every actor is 
reachable from every other actor through one or several ties; “weak” 
because tie direction is not considered) 
1 1 1 2 
Density (proportion of observed ties in a network to the maximum number 
of possible ties) 
0.15 0.18 0.09 0.10 
Reciprocity (proportion of mutual connections in the directed graphs) 0.27 0.33 0.30 0.31 
 
All layers were positively correlated to the others (details in SOM2), with high correlation coefficients 
(0.53–0.55) between relations of a similar nature (iA and iM or cA and cM) and even higher 
correlation coefficients (0.59–0.61) between ties in each policy subdomain (cA and iA or cM and iM). 
Most central actors were from the national government in all layers, followed by international 
actors: foreign agencies (particularly in adaptation) and IGOs (in both A&M) (Fig. 2). International 
NGOs were less central than the other international actors, except in the iA layer. In the iM layer, 
central actors included national NGOs, active in bringing issues of justice and rights to REDD+ 
discussions. Private sector actors were the least connected and subnational NGOs the second least in 
most layers. NGOs, both international and domestic ones, were more central in information 
networks than in collaboration networks, with the exception of subnational NGOs. Subnational 
governments were not central in information sharing but ranked higher in collaboration. Research 
actors had medium centrality, with international research being more central in mitigation and 
national research in adaptation.  
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Figure 2. Indegree by group of actors in the four relation layers. Groups are ordered differently in 
each plot depending on the average indegrees (shown by vertical lines) of top three actors in each 
group (show in boxes) 
 
ERGM results  
Structural effects were significant predictors of tie occurrence in all four layers (Fig. 3, row 1). 
Reciprocity had a strong effect in collaboration, which is unsurprising as both actors involved in a 
collaboration are likely to report it. Transitivity had a strong effect in information sharing, which 
means that actors look for contacts of their contacts to establish new information ties and, to a 
lesser extent, new collaborations, indicating that trust expands interactions in the network. 
The most influential actors were government agencies from all levels, either with legal authority 
(national and subnational governments) or international funding capacity (foreign agencies) (Fig. 3, 
row 2). Actor group had a stronger effect on the mitigation ties than on the adaptation ties meaning 
that the attractiveness of some groups is more evident in mitigation exchanges. National 
government agencies were more likely to be sought as collaboration partners by other actors on 
mitigation compared to any other group but subnational governments and foreign agencies. These 
two groups were as popular as the national government group in all layers, except in collaboration 
on adaptation, where foreign agencies had more ties.  
Both national and international research actors were as central as national government actors in 
information sharing, but were significantly less important partners in collaboration. This was to be 
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expected as research institutes primarily disseminate scientific information. In all layers, the 
subnational NGOs and the private sector were less sought after as information and collaboration 
partners than the national government. Sector had a limited effect on tie formation (Fig. 3, row 2): 
only involvement in the forestry sector increased the probability of forming information ties on 
mitigation, which is not surprising as mitigation policies focus on the forestry sector in Peru.  
Homophily was common (Fig. 3, row 4): in almost all layers, NGOs, the private sector and research 
actors were more likely to interact with actors of the same type. This might indicate a coordination of 
lobbying activities among interest groups (such as NGOs and private sector) and research activities 
among research institutions. The homophily in information sharing among research institutions 
raises concern about their role in disseminating research results to society. IGOs showed homophily 
only in the layer of information sharing on mitigation, which could indicate a difficulty in effective 
information exchange with national actors within the mitigation subdomain. We also observed 
strong heterophily with foreign government agencies, which were more likely to be tied to 
organizations outside of their group than inside, probably because their mission is to support other 
types of actors and they do it successfully.  
Finally, we observed strong reputational power effects (Fig. 3, row 5): an actor was more likely to 
share information and collaborate on mitigation with an actor it considered influential in mitigation. 
We observed the same effect, but weaker, in the adaptation subdomain. This is not surprising, as 
actors will establish more ties with an actor of high perceived influence. Interestingly, high 
reputational power in mitigation increased tie probability slightly in adaptation, whereas high 
reputational power in adaptation decreased tie probability slightly in mitigation, which may 
underline the dominance of mitigation actors in the climate change policy domain. It might also 
reflect that mitigation experts were perceived as experts in climate change in general, whereas 
adaptation experts were perceived as more specialized.  
 
Figure 3. Visualization of the results of the ERGMs for the four layers. Effect estimates are 
represented by bars (grey if the effect is significant at p<0.1) and standard errors with whiskers. As 
the estimate of the intercept is interpreted differently from the others, its value is written in 
numeric form. The p-values are represented at the left of the bars as significance codes (*** 
p<0.001, ** p<0.01, * p<0.05) 
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Brokers in and between the subdomains 
Some actors were major cross-subdomain brokers, facilitating interactions between the A&M 
subdomains, for example actors #5 (a division for climate change at the environment ministry) and 
#64 (a UN program) (Fig. 4). These two example actors had mandates that spanned both A&M; they 
were also important brokers within both individual subdomains, allowing them to connect many 
pairs of actors.  
 
Figure 4. Representation of the multiplex network, with the adaptation layer to the left, the 
mitigation layer to the right, and self-coupling ties in between (wider and darker for large edge 
betweenness). The diameters of the actors (circles) are proportional to their betweenness in the 
layer where they are represented 
More generally, brokerage across subdomains correlated positively and significantly (p<0.01) to the 
brokerage role in either subdomain. Important brokers in mitigation were slightly more likely to be 
prominent cross-subdomain brokers than important brokers in adaptation (Table 4); again, likely 
indicating the dominance of mitigation actors in climate change policy domain.  
 
Table 4. Results of a linear model explaining the rank of the brokerage role across subdomains as 
function of the ranks of the brokerage roles within subdomains 
 Estimate Standard Error p-value 
Intercept 10.7 4.61 0.02 
Rank of the brokerage role in adaptation 0.33 0.10 0.002 
Rank of the brokerage role in mitigation 0.39 0.10 0.0003 
 
Not all prominent cross-subdomain brokers were important brokers in both subdomains. Four actors 
were important cross-subdomain brokers despite being important brokers in only one subdomain: 
one in mitigation (#66, an international development bank) and three in adaptation (#12 a national 
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government agency specialized in weather and hydrology, #38 an international NGO and #43 a 
national NGO) (Fig. 5). 
All six actors that were top brokers in both subdomains (five governmental organizations and one 
international organization) were also top brokers across subdomains (Fig. 5, top right corner). 
Surprisingly, some well-known actors appeared as top brokers in one subdomain but not across 
them. For example, a foreign agency with a large portfolio of climate change activities in the country 
(and among the 10% of actors with the highest indegrees in all relation layers) did not appear as a 
top broker for mitigation or across subdomains, probably because of its redundancy in connecting 
actors that would be already connected without this actor (see discussion). 
Five actors were top brokers across subdomains without being top brokers in any subdomain (Fig. 5, 
grey circle in bottom left corner) and included a regional government (#21), a national association of 
agricultural producers (#33), a national NGO (#40), an international NGO (#41) and an international 
organization (#65). These actors had a surprising brokerage role probably because they filled 
structural holes in the network (see discussion).  
 
Figure 5. Representations of the policy actors (circles) according to their broker role in adaptation 
(x-axis) and in mitigation (y-axis). Circles at the right/top of the vertical/horizontal line are the 20% 
top adaptation/mitigation brokers. Grey circles represent the top 20% brokers across subdomains. 
Labels are omitted for actors that are not top brokers within or across subdomains. 
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 Discussion 
Our analysis of the structure of the climate policy network in Peru can inform about the potential for 
multi-actor coordination and cooperation (Calliari et al., 2019) and about power configuration within 
polycentric climate governance (Börzel, 1998; Ingold and Leifeld, 2014). It provides a meso-level view 
inside policy processes, which traditional climate policy integration studies often lack.  Indeed, 
central actors in a policy network are powerful actors, with the capacity to influence the attitudes 
and behaviour of other actors (Knoke, 1994). Our results show that, despite the predominance of 
certain actors and homophily in some groups, there is potential for multi-actor coordination and 
cooperation in the climate change policy network of Peru. Our analysis sheds new light on the 
internal aspects of climate policy integration, mainly on the integration of A&M subdomains, which is 
key to effective climate action, notably in the land-use sectors (Di Gregorio et al., 2017). We also 
showed that information exchanges and collaborative ties, while correlated, serve different purposes 
(Carpenter et al., 2004) and indeed display distinct structural, dyadic and relational characteristics 
differing by type of actors and policy sub-domain. Importantly, our results provide evidence of: (i) 
concentration of power in national government, particularly in the mitigation subdomain, and 
isolation of groups that matter for policy implementation; (ii) slight predominance of mitigation over 
adaptation; and (ii) the existence of actors in good positions for brokering relationships between the 
subdomains. We discuss these three points in relation to our initial propositions. 
Concentration of power in national government 
The concentration of power in national government reflects the specific structural role state actors 
hold in society, as they can make binding policy decisions. It also reflects national ownership over 
climate change policy processes in both subdomains, confirming proposition P1. Even though 
international organizations were the second most central group in most layers (confirming 
proposition P2), national government organizations have retained the key steering power in both 
A&M.  
The power of national government organizations leaves them with a special responsibility in terms of 
coordinating learning and action to enable collective sense-making (Bodin and Prell, 2011). In the 
specific case of Peru, the Ministry of Environment has the direct jurisdiction, in theory, over all 
activities related to climate change, which it oversees through its different General Directorates. The 
Ministry of Agriculture (and its different directorates) has key powers and responsibilities related to 
forests and land use. These national government organizations make policy binding decisions and 
are, by design, central in the network, despite decentralization efforts in Peru. 
Despite the centrality of national government actors, diverse non-state actors had central roles in the 
network and national civil society actors were relatively central in both A&M exchanges. This 
suggests that the climate change policy domain of Peru presents features of polycentric and 
monocentric systems at the same time, which confirms previous observations that these two types 
of governance systems almost always coexist and that the dichotomy between polycentric and 
monocentric governance is too simplistic (Galaz et al., 2012; Morrison et al., 2019). 
Understanding A&M in polycentric systems requires not only to analyse the structures of the 
decentralized networks, but also to examine the configuration of power relations across these 
structures. However contradictory as it might seem, polycentrism is itself embedded in hierarchical 
or multilevel power dynamics that can move the system across decentralized, recentralized and 
fragmented states (Morrison et al., 2017).  Thus, the analysis and practice of climate change 
governance, and particularly the aspirations towards climate policy integration, need to be more 
explicit about these dynamics in order to reveal and address imbalances, and strive for better 
outcomes. 
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Our analysis showed that private sector organizations in Peru were isolated with regards to 
information sharing and collaboration. This may be explained by the fact that many businesses are 
not engaged in climate change action and are not interested enough in climate change issues to put 
time and effort into engaging with other policy actors. This is a concern, as those actors should play a 
role in reducing emissions and facilitating adaptive actions.  
In our analysis, subnational government actors did not fare well in information sharing in the 
national domain with other actors in Peru or subnational NGOs in all kinds of interactions. From the 
perspective of polycentric governance, local sites need to be connected to actors at the higher level, 
who in turn need to understand local experiences and guide local experimentation (Morrison et al., 
2017). Subnational and non-state actors have a direct impact on the success of climate policy 
integration and governance, but their indirect impacts can also be big, such as those stemming from 
innovation, experimentation, demonstration of best practices and capacity building (Chan et al., 
2015). 
Explaining the isolation of certain actor groups is not straightforward. Private sector actors ranked 
the lowest in terms of indegrees, either because they believe they are not very affected by climate 
policy developments and thus feel no need to be involved or because they operate behind the 
scenes (Falkner, 2017; Guzzini, 1993). Other non-state actors may have more interest in connecting 
to the policy domain. Building communication links with those actors, who have a role to play in 
reducing emissions and vulnerability is important from the beginning of the policy process. 
Polycentric governance research has shown that levels of communication affect trust levels, which in 
turn substantially determine cooperation levels (Cole, 2015). Actors who only interact within their 
groups develop their own subcultures and reject collective action within a wider group (Bodin, 2017). 
Predominance of mitigation over adaptation 
Similar to evidence from Brazil and Indonesia (Di Gregorio et al., 2019), our results show that the 
mitigation policy subdomain is dominant in the climate change policy network of Peru, confirming 
our proposition P3. This is not only indicated by the higher densities of the mitigation ties as 
compared to adaptation, but also by the higher indegrees of the most central actors, which could 
mean that there are stronger influencers in the mitigation subdomain.  
In the case of Peru, the attention given to mitigation can be related to the large areas of tropical 
Amazon forests, which play an important role in the global carbon cycle. Most national climate 
change policies at the time of our research had mitigation at their core, such as the National Forest 
and Climate Change Strategy and the National Forest Conservation Program, as shown by a policy 
document analysis (Pramova et al., 2015). Forest-based mitigation had also attracted a considerable 
amount of foreign funding streams such as those coming from Germany, Norway, and the World 
Bank. In contrast, adaptation activities seemed to be more dispersed and less visible in national 
policy networks. 
Further evidence of the dominance of mitigation over adaptation is that actors with higher 
reputational power in the mitigation subdomain exchange more information and collaborate more in 
both A&M subdomains (challenging our proposition P6), while actors with higher reputational power 
in adaptation are more active in adaptation but not in mitigation (confirming P6). This suggests that 
the central actors in mitigation can be agents of change for internal climate policy integration, as 
reputation matters (Ingold and Leifeld, 2014). However, it is unclear whether these central actors in 
mitigation have an interest in considering adaptation. Another possible interpretation of our result 
could be that central actors in adaptation are not recognized in the mitigation subdomain because 
mitigation actors are not really interested in adaptation. 
Adaptation is indeed the newer policy subdomain (Anguelovski and Carmin, 2011). Most 
governments have had more practical experience in emissions reduction and the policy fixes 
required for mitigation are generally better understood, while adaptation remains ambiguous (Doelle 
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et al., 2012; Hall, 2017). Furthermore, the mitigation subdomain is characterized by exogenous 
drivers of action stemming from global pressures to curb climate change (Anguelovski and Carmin, 
2011), which has resulted in mitigation having historically attracted a major share of global climate 
finance (Pickering et al., 2015).  
We did not find evidence to confirm proposition P4 on the inclination of international actors toward 
mitigation and of subnational actors toward adaptation in the national-level policy network: central 
actors from subnational governments ranked similarly in A&M, whereas international NGOs and 
foreign agencies ranked high in adaptation, probably because of the relevance of adaptation to 
development programs. Regarding proposition P5 on different sectoral engagement in A&M, we only 
found evidence of higher engagement of the forestry sector in mitigation, which is easily explained 
by REDD+ policy discussions in Peru. That different levels and sectors are interested in both A&M is a 
good sign for climate policy integration. 
Homophily and brokers 
Whereas the private sector, research organizations and NGOs (to some extent) exhibited homophily, 
government actors and international actors did not. Thus, our proposition P7 can be only partially 
confirmed. The fact that the most dominant actor groups did not exhibit homophily is good news for 
multi-actor communication and coordination, in contrast to evidence from Brazil and Indonesia, 
where some level of homophily was found within all types, except for the private sector (Di Gregorio 
et al., 2019).  
The absence of homophily among national government organizations can also be related to the fact 
that the interviews were conducted after COP20 in Lima, which required national government 
organizations to share information and collaborate widely in the country. We hypothesize that the 
organization of such a major international event by a government modifies strongly the structure of 
the climate change policy network, although we were not able to compare the network before and 
after. 
The homophily exhibited by private sector, research organizations and NGOs could be problematic 
for successful policy development and implementation, but some homophily is to be expected and 
might be healthy at least for some actors. Previous studies showed that for interest groups who 
lobby government (this would include NGOs as well as the business sector), a degree of homophily is 
to be expected in information exchanges (Leifeld and Schneider, 2012), because lobbying activities 
require a lot of information sharing. For research organizations, we might expect less homophily in 
information networks, if we want them to disseminate information to non-research actors. Also, 
homophily in collaboration ties might mean something different from homophily in information ties. 
There is a general need to improve communication and engagement across climate science, policy 
and practice, as decision makers may not use or even receive relevant scientific information (Vogel et 
al., 2007).  
Despite the observed homophily, we found many organizations from different groups to be well 
positioned to broker integration between the two subdomains. This does not necessarily mean that 
they were actually engaging in integration: the measure of betweenness centrality across layers only 
describes brokerage potential from a structural point of view. The actors of importance to potentially 
bridging A&M need to actually engage in doing so. 
Actors with high indegree centrality and brokerage roles in subdomains are generally well situated to 
help bridge subdomain boundaries due to their number of ties alone (Bodin, 2017). Indeed, many top 
inter-layer brokers (mainly national government and international organizations) also exhibited high 
indegree and brokerage roles in both layers. The top brokers across subdomains were, however, not 
only organizations with high indegree centrality and brokerage roles in the subdomains, but also 
several “unusual key players” that were not brokers in any of the two layers separately. On the 
contrary, some actors with high indegree centrality in both layers and a mandate to work with 
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multiple actors and connect organizations (“the usual key players”) were surprisingly absent from the 
top ranks of inter-layer brokers.  
These results can be explained by the concept of “structural holes”, which describes the non-
redundant relationships between actors (Burt, 2009). Some “usual key players” scored low on 
betweenness centrality because their brokerage role was redundant, i.e. the actors they connected 
were either directly connected already (redundancy by cohesion) or connected by other 
organizations (redundancy by structural equivalence). On the other hand, the “unusual key players” 
occupied a structural hole as they linked pairs of actors via non-redundant ties. This makes “unusual 
key players” particularly important as potential brokers across A&M, because they are the only 
potential links between a number of actors across domains. 
The “usual key players” might have ended with a low brokerage role across layers as a result of their 
success in building ties or triggering other actors to form direct ties. Empirical evidence shows that 
structural holes filled by brokers have a general tendency to close (Quintane et al., 2012). As a result, 
the advantage that a structural hole provides to a broker will fade out if the broker is successful in 
helping others connect directly. This brings out important implications for polycentric climate 
governance and internal climate policy integration: because of the dynamic nature of brokerage, an 
altruist broker who works to connect people and not to protect its position as a broker will 
eventually lose its brokerage power. But this broker could also benefit, for example, by exploiting the 
complementary skills and resources of the newly formed alliances or connected actors (Quintane et 
al., 2012). 
This observation on the dynamic nature of brokerage highlights that our analysis provides a snapshot 
at a particular point in time of the climate policy network, which can change considerably over time 
(Morrison, 2017). If redone periodically, a policy network analysis can help understand how structure 
and power evolve in climate change governance and how this evolution supports climate policy 
integration. It can also shed light into power dynamics, an issue that is often downplayed in 
governance analyses (Morrison et al., 2019) and highlight relational power determinants alongside 
other structural power dimensions (Leifeld and Schneider 2012), which remains a fairly new research 
direction in the climate change sub-domains of A&M  (Di Gregorio et al., 2019).   
 Conclusion 
This study examined information flows and collaborations in national climate change policy in Peru 
through a multiplex network approach distinguishing climate change A&M policy subdomains. 
Results showed that national government institutions are central actors in climate change policy 
networks in Peru, which may reflect national ownership of the climate change issue. Private sector 
organizations and subnational actors in Peru are the least involved in information sharing and 
collaboration on climate change. The mitigation policy subdomain is dominant in the climate change 
policy network of Peru but actors from different levels and sectors are active in both adaptation and 
mitigation, which is a good sign for climate policy integration. Despite the predominance of certain 
actors and homophily in some groups, there is good potential for multi-actor coordination and 
cooperation in the climate change policy network of Peru. Actors with the capacity to bridge the two 
policy subdomains are not only the central actors in each subdomain but also the actors that close 
structural holes between subdomains. 
Using Peru as a case study, this study has shown that policy network analysis is a relevant approach 
to assess the level of internal climate policy integration in the land-use sector. This approach could 
be applied to identify key policy brokers in other countries, where the integration of adaptation and 
mitigation faces similar challenges related to the institutional complexity created by the diversity of 
actors involved. An important lesson from this study for other countries is that key actors for climate 
policy integration are not only the key actors in either adaptation or mitigation (such as national 
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government institutions) but also actors that close structural holes between adaptation and 
mitigation in the climate policy network. 
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